Reprintedk from THE LANCET July 9 1977 pp 76-78

LEUK/EMIA IN BENZENE WORKERS

PeTER F. INFANTE RoOBERT A. RINsKY
Josern K. WAGONER RonaLD J. YOURG

Industry-wide Studies Branch, Division of Surveillance,
Hazard Evaluations and Field Studies, National Inscituse for
Occuparional Safecy and Health, Center for Disease Cantrol,

Cincinnari, Qhio 45202, US A.

Summary Workery occupationally exposed to ben-

zene in 1940—49 were followed for vital
status up to 1975. In comparison with two control popu-
tations, 2 significant (p<0-002) excess of leukzmia was
observed. A five-fold excessive risk of all leukzmias and
a ten-fold excess of deaths from myeloid and monocytic
leukzmias combined are demonstrated in the study
population compared with controls. These figures under-
estimate the true leukzmia risk to. benzene-exposed
workers, because follow-up is only 75% complete and
the untraced 25% of the study population were all
regarded, in the statistical analysis, as being alive at the
end of the study period.

The environment of the workers in the study popula-
tion was not contaminated with sotvents other than ben-
zene, and existing records indicate that the benzene
levels themsclves were generally below the limits recom-
mended at the time of their measurement.

INTRODUCTION

ONE of the earliest reports of benzene-related blood
disorders consistent with what is now known to result
from benzene poisoning was published in Paris in 1897.}
In 1928, a clearly established case of leukzmia was as-
sociated with benzene exposure in [taly.? Since then,
many cases of leukzmia associated with exposure 1o ben-
zene have been reported from various parts of the
world.*® A significant excess of chromosomal aber-
rations has aiso been observed in benzene-exposed
workers.'®

Ishimaru et al.¢ demonstrated a significant association
between leukzmia and occupations with probable expo-
sure to benzene, and Aksoy et al.” reported a sigmifi-
cantly greater incidence of leuk®mia in shoe workers
exposed to benzenc than in the general population. In
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1976 Viglianm* reportgd that 150 cases of leukzmia
attributed to benzene had been idenufied in lialy.
McMichaei et al.'’ demonstrated an excess of leukzmia
among rubber workers previously exposed to solvents,
including benzene. However, in that study the leukzme-
genic effect could not be attributed directiy 10 benzene
because of concomitant cxposure to other solvents used
in the manufacture of rubber producta.

Before the 1914—18 war, benzene was used mainly as
a solvent in the rubber industry, but during the war the
demand for toluene in the manufacture of explosives
greatly stimulated benzene production. Currentiy, 87%
of benzene is used as a raw material in the synthesis of
compounds such as styrene, phenol, and cyclohexane.
Approximately 0.2 billion lb (4-6 biliion kg} were pro-
duced in the U.S. in 1973, 3-5 billien !b (1.6 billion k)
in Japan in 1972, and 1.2 billion Ib (0.5 billion kg} in
the UK. in 1972.2 In the 50 years since the first
reported case of benzene-associated leukemia, benzene
has been ncither widely acknowledged nor uniformly
controlied as 2 carcinogen in the U.S." The failure to
control benzene as a carcinogen has resulted primarily
from the reluctance of industry and Government to
accept the accumulated case-reports and epidemioiogical
observations as scientific evidence of the leukzmogenic
properues of benzene. Today, in the U.S. alone, an
estimated two million workers are ... risk of exposure w0
‘benzene.!* For these reasons we have studied menality
patterns in workers occupationally exposed to benzene
in the production of a natural rubber cast film (rubber
hydrochloride, marketed under the trade name
‘Pliofilm’) at two localities in Ohio.

INDUSTRIAL-HYGIENE ASSESSMENT
Production Mechods

In the production of ‘Pliofilm’, natural rubber was masti-
cated- in an internal mixer, passed through a mll, and con-
veyed to mixing-tanks, where benzene was added and the mix-
ture was agitated. The resulting solution was pumped t0 2
blending-tank, then transferred into a reactor vessel, where nt
was trested with hydrochloric acid to form rubber hydrochlor-
ide. At this stage, more benzene was added to adjust the pro-
portion of solids in the solution. The rubber hydrochloride was
transferved to a neutralising-tank, where pliofilm scraps, soda
ash, steam, plasucisers, and more benzene were added. After
filtration, the rubber hydrochleride solution was pumped 10 2
casting-umit, then it was spread on a CONUINUCUS conveyor,



where the benzene was evaporated, and the nrfshed film was
taken up on a roll, The gas containing benzene was exhausied
from the casting-umit, passed through a wet scrubber, and
chznnelled into an activated-charcoal absorber unit, where
benzene was recoversd and recycied. The rolls of pliofilm were
transferred to another room, where 'hey were inspected,
trimmed. cut to customer specification, and packed (primarly
for food wrapping). [n the production of piiofiim, the only
materiai known to be associated with blood disorders was ben-
zene. Other materials used included hydrochionc acid, soda
ash, and small amounts of antioxidants and plastcisers. The

manufacturing process was osentially identical at both Ohio
localities.

Environmentai Monrtoring

In 1942, Wilson, as a former member of corporate manage-
ment, recommended a policy for the rubber indusiry, which
would include pliofilm operations, of periodic air monitoring
and a complete blood~count for all new employees.” Tt was his
view that “a closed system of ventilation where the workman
comes in contact with no fumes is ideal. Any other type of ven-
tilation is not enureciy safe.” Shorly thereafier, extensive
exhaust ventilation equipment was instailed in the pliofiim
department in one locality. The Industrial Commission of
Ohto, after surveying that department in 1946, reported that,
“Tests were made with benzol detectors and the results indi-
cate that concentratons have been reduced to 2 safe level and
in most instances range from zero to 10 or 15 parts per mii-
lion".'* A fumher investigation of benzene exposure in that
department in 1956 concluded that exhasust venuiation con-
trols were of excellent design.!? In the carly 1960s benzenc
point-source concentrations were measured by company per-
sonnel using detector tubes. A total of 112 surveys were con-
ducted in the period 1963-74. These snd cariier surveys have
indicated that employees’ benzene exposure was generally
below the recommended limit in effect at the ume of each sur-
vey!lie -2 (1ghie 1),

TABLE I—CHRONOLOGY OF RECOMMENDED BENZENE
CONCENTRATIONS TN WORKPLAGES (N U.5.A.

Year 1 Concentration {(p.p.m.) Reference
1941 ! 100 M.A.C. i 16,17
1947 i 50 Bh tT.w.a l 14
1948 i 15 Bh W ' 14
1957 ) 15 gh t.w.a i 14
1963 ! 78 Ceiling ! 14
1969 ! 10 8h rw.a I 13
9mn I 10 th T.w.a. 13

L
| '
i

M.ACo=Maximum allowsble concentrauon.
T.w.A. = Time-weighted average.
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Historicai environmental data for the second locality in
Ohio i3 less weil defined. However, our own observauons, dis-
cussions with company personnel, and the meagre environ-
mental data that have been retained suggest that employees’
benzene exposure at this locauion was generaily well within the
recommended limits.

RETROSPECTIVE COHORT STUDY
Methods

All White men who had had direct cxposure to ben-
zene at any time beween Jan. 1, 1940, and Dec. 31,
1949, were studied. The deparuments and jobs involving
direct exposure to benzene were determined by a survey
by N.I.O.S.H. personnel, which included a review of the
pliofilm process, engineering controls, and air-sampling
data. Company personnel also assisted in these deter-
minations. Job classifications involving benzene cxpo-
sure were determined without knowledge of the workers'
vital status.

Follow-up of all study-cohort members was attempted
for the time period from first employment 10 June 30,
197$. To date, vital status has been determined for
approximateiy 75% of the 748 cohort members. The
remaining 25% were assumed to be alive to avoid overes-
limaung the truc risk of lymphauc and hxzmopoietic
malignancics associated with benzene exposure. Causes
of death were determined from death certificates and
were coded according to the International Clas: ‘eation
of Diseases in cffect at the time of death; these codes
were then converted to [.C.D. 7th revision numbers. A
modified life-table technique was used to generate per-
son-years at risk of dying according to S-year age-group
and $-vear calendar periods.

Person-years of observation and causes of death were
determined for the period Jan. 1, 1950, to June 30,
1975. Person-years of observation and deaths occurring
before Jan. 1, 1950, were excluded from analysis since
vital statistics on lymphatic and hzmopoietic maiignan-
cies were not published before that date.

Two populations were chasen as controi groups for
generating the numbers of expected deaths in the study
population. The first group consisted of the U.S. White
male general population standardised for age and time
period over which the study cohort lived. The second
group consisted of 1447 White men who had been
employed in Chio at a fibrous-glass construclion-pro=
ducts factory between Jan. 1, 1940, and Dec. 31, 1949,
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and who had achicved § or more years of employment
by June 1, 1972 ‘which was the cut-off darte for vital-
status ascertainment in the fibrous-giass control popula-
tion).*!
Results

There were 140 observed deaths from all causes
among benzene-exposed workers compared with 187.6
expected deaths (table 11). This deficit reflects in part the
incomplete follow-up of the study population. There was
a significant excess of deaths from malignancy of the
lymphatic and hzmopoiétic systems (1.C.D. 200-20%)
compared to that expected on the basis of death-rates of
U.S. White males. This is due almost entirely to an
excess of leukmmia deaths (I.C.D. 204). To date, 7
leukzmia deaths have been observed, compared with an
expected 1-38 {p<0.002) based on rates for U.S. White
males and an expected 1-48 (p<0-002) based on rates
for fibrous-glass workers. Even more striking is the
observation that all 7 leukemia deaths were from either
the mvelogenous or monocytic type. Data for cell type,
age at death, and interval since initial exposure to ben-
zene are shown in tabie 111, The period between initial
exposure and death ranged from 2 1o 21 years. These
observations, indicating a specific type of leukzmia, are
conustent with the data of Vigliani,* which show a pre-
dominance of acute myelogenous leukemia among
workers exposed to benzene in the rotogravure and shoe-
manufacturing industries in Italy. Since data for specific
types of leukemia mortality in the U.S. are not readily
available for the study period, incidences for myeloid,
monocytic, and total leukamia from the Connceticut
Tumor Registry?? for the period 1960—62 were applied
10 the age~distribution of the benzene-exposed cohort 10
generate the specific proportion of total-leukzmia cases
which would be of the myelomonocytic types. Of the
total expected number of incidence cases of leukzmia,
50-377 were calculated to be of the myelogenous and
monocytic types. This proportion was applied 1o the
1otal number of expected leukzmia deaths in the study
cohort which had been previously generated on the basis
of rates for the U.S. White male population. The resuits
indicated an expected 0-6967 (0-5037 x 1.3831 =
0-6967) deaths from myelogenous and monoeytic leuka-
mia, compared with 7 observed, the standardised morna-
lity-ratio being 1004. Thus, pliofilm workery exposed to
benzene have an estimated 10-fold rick of dying from



TABLE [I—STATUS ON APRIL 13, [977, OF OBSERVED DEATHS
FROM SPECIFIC CAUSES AMONG WHITE MALES BETWEEN JAN. 1,
1940, anp Jung 30, 1975, WHO WERE EXPOSED TO BENZENE AND
EMPLOYED SOMETIME BETWEEN JAN. 1, 1940, aND D2C. 3],
1949, AS CONTRASTED WITH EXPECTED DEATHS BASED ON BOTH
THE U.5. WHITE-MALE POPULATION (U.5.W.M.} AND AN
INDUSTRIAL POPULATION EXPOSED TO FIBROUS GLASS (F.G.).

Benzenc-exposcd | ‘
workery l :
Causes r 1

of death | ' ! !

(.CD. ' Demhs | Desths | Comparison |
codes}* l observed |  expected l group | S.M.R
All causes 140 187.5809 | (maw.s) | 078
(200-205) 9 P 3.4497 (usow.m) | 260
(204) 7 | 1.3831 {U.5.W. M.} | 5061
{200~20%) 1 9 i 51020 (ro) 1 176
(204} I 7 | 14738 ) (ral) ; 4748

*1.C.D. Tth Revision Codes. (200~205) = Tetal lymphatic and hemo~
poetic cancer, (204) = Leukemia only.

+r<0-05

$#<0-002

5. M. =observed/cxpected x 100

TABLE 11I—CASES OF LEUKAEMIA IDENTIFIZED 8Y APRIL, 1977,
AMONG WORKERS EXPOSED TO BENZENE RETWEEN 1940 AND
1949 DURING PLIOFILM MANUPACTURE

!

. Agemt | Period from
Case Type of \ death initial exposure
no. leukerma (yr) to death (yr)
T T
1 Acute myeciogenous : ] L 13
2 Acule mytlogenous t (3] 10
3 Acule myelogenous ' 62 21
4 Acuie myciogenous 57 19
b Monocyix . 7 15
-3 Chronic myelogenous 29 2
? Monocytc 36 17
3 ! Myclogenous 28 \ 3

*Indicates leukzmia case which did not fit wio cohort definition. The
subject begzn employment in 1950,
myelogenous and monocytic leukemia.

As a resuit of past failure 10 control benzene as a car-
cinogen, millions of peopie, without knowledge of the
h&mopoietic dangers, are continually being exposed to
benzene at work. [n addition, unknown numbers of con-
sumers, including children, are exposed to benzene at
home, from sources such as model-aeroplane glue and
paint strippers (some containing ur (o 50% benzene).



We hope that cur findings, which demonstrate over-
whelmingly an increased risk of leukzmia in workers
exposed to benzene, will stimulate efforts to control
occupational and consumer exposure 10 benzene, an

agent known for almost a ¢ontury to be a powerful bone-
marrow poison. '

We thank Ms Betsy Cgan end Mr David Brown and the entire sup-
port staff of the biometry section, National [nstitute for Oecupational

Safety and Health, for thar dedication and assistance during the
study,

Requests for reprints should be addressed o P F. 1.
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